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that, "[t]he nucleic acid segments or constructs can be introduced into appropriate plant cells, for 
example, by means of the Ti plasmid of A. tumefaciens'' The state of the art use of such Ti 
plasmids is specified in the paragraphs of the specification that follow, particularly the paragraph 
bridging pages 8 and 9. A "vector" is known to the skilled artisan as a "DNA molecule which 
serves as a recipient or carrier for foreign DNA. Vectors are usually plasmid or phase DNA 
molecules which carry an origin of DNA replication and genetic markers which allow them to be 
detected in host cells." (See E. Winnacker, 1987, From Genes to Clones, VCH 
Verlagsgesellschaft mbH, 1987, Appendix C, page 540; copy attached.) 

Claim 15 is distinct from claim 14 because the introduction of foreign nucleic acid 
molecules into a plant genome can be managed by various techniques. Plant cells can be 
transformed by protoplast transformation, microinjection, electroporation, or biolistics, without 
using a vector molecule (see application at page 9, paragraph beginning at line 10), or by using 
vectors like Ti vectors (see paragraph bridging pages 8 and 9 of the specification). 

Applicants request that the various rejections under 35 U.S.C. §112, second paragraph, be 
reconsidered and withdrawn in light of these amendments and arguments. 

The Rejections Under 35 U.S>C. 8112. 1'^ Paragraph, Are Overcome 

Claims 14-16 were rejected under 35 U.S.C. §1 12, first paragraph, as allegedly reciting 
new matter that is broader in scope than that recited in the specification. Applicants respectfiilly 
disagree and submit that Example 1 contains all the information that is needed by a skilled 
artisan in order to clone the sequence from the source plasmid described in the referenced 
literature (page 15, line 3), the essential elements of which have been added by this amendment. 
All procedures for the excision of the nucleic acid sequence encoding the transit peptide 
sequence from the small subunit of the pea Ribulosebisphosphate Carboxylase, including the 
restriction enzymes (Hind 3 and Sph 1), and for the fusion of the nucleic acid sequence with the 
ASN-A-encoding nucleic acid molecule are sufficiently disclosed. 

Furthermore, the amino acids are given in the primary literature as cited (Wasmann et al., 
1986) and now recited in the specification as a result of this amendment. The method for sub- 
cloning the sequence from the pNi6/25 vector is exactly defined, as are the ultimate 
characteristics of the fragment. Any skilled molecular biologist would be able to follow these 
instructions, which are absolutely sufficient to clone the ASN-A gene sequence and transit 
peptide, and to further insert this sequence into the pDH51 vector (page 15, lines 6-9). Any other 
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transit peptide can be used in lieu of the pea sequence, as there are conservative elements, which 
may differ slightly in size but are common in function, and these elements are annotated in 
known nucleic acid/protein databases. The skilled plant molecular biologist would be able, 
without undue experimentation, to fuse a transit peptide from any source (numerous sequences 
were publicly available at the time of filing) with an ASN-A-encoding nucleic acid sequence, 
either by applying the respective restriction endonucloases or by re-synthesizing such a short 
nucleic acid molecule encoding the transit peptide in vitro (Climie, S. et a/., (1990), Chemical 
synthesis of the thymidylate synthase gene, Proc. Natl. Acad. Sci. USA, 87, 633-637; Italzura, et 
aL, (1984), Synthesis and use of synthetic oligonucleotides, Ann. Rev. Biochem., 53, 323-356). 

Claims 9 and 11-16 were rejected under 35 U.S.C. §112, first paragraph, as allegedly 
lacking enablement. The arguments refuting the written description rejection above apply to this 
rejection as well. The guidance present in the specification permits the cloning of further 
asparagine synthetase genes by the skilled artisan using standard plant molecular biology tools. 
If not available as a cloned nucleic sequence, such a gene can also easily be synthesized in vitro 
by applying standard means, as described in the preceding paragraph. For example, page 6, 
numbered points 1-3, briefly explains how the skilled artisan may proceed in order to identify 
further ASN- A genes firom other organisms for making transgenic plants. The specification 
contains clear teachings on which classes of nucleic acid fragment to clone (tp and ASN) and 
methods for cloning them in order to obtain transgenic plants that exhibit the described features. 

The Rejections Under 35 U.S>C> §103(a) Are Overcome 

Claims 9, 1 1-13 and 16 were rejected under 35 U.S.C. §l03(a), as allegedly being 
unpatentable over Coruzzi et al. (AG), in view of Dudits et al. (AH), Temple et aL (AP), and 
Della-Cioppa et al Applicants urge that none of the cited references, either alone, or in any fair 
combination, serve to teach or suggest the presently claimed invention. 

Applicants respectfully disagree with the argument bridging pages 14 and 15 of the 
Office Action that the originally filed claims don't limit the anti-sense constructs to chloroplastic 
GS. Amended claims 9 and 1 1 address this point in that the transfer and integration of an anti- 
sense chloroplastic glutamine synthetase sequence (claim 9), as well as its reduced level of 
expression, of the chloroplastic glutamine synthetase, specifically, (claim 1 1) are claimed. The 
amendment is supported by examples 4 and 5 of the specification, in which the inhibition of 
chloroplastic glutamine synthetase, specifically, is addressed in various plants. Moreover, there 
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is no Example or any detailed description in the specification regarding how to (successfully) 
reduce the expression level of GSi, 

Within the specification, it is disclosed that "[t]he methods can further comprise treating 
the plant with a glutamine synthetase inhibitor" (paragraph bridging pages 5 and 6). GS 
inhibitors, such as L-Phosphinothricin (glufosinate ammonium) are active in the photosynthetic 
tissues of the plant in order to inhibit the GS activity. As is shown, for example, in the attached 
graph (Figure 8.8 from Buchanan et 2000, Biochemistry and Molecular Biology of Plants: 
367), GS2 is localized in the chloroplast with high specificity. Therefore, it makes sense to 
address a GS2-specific reduction, as was done in Examples 4 and 5 of present specification. 
Figure 8.8 clearly points out that only the GS2 is the relevant GS to be addressed by the present 
approach, as it is the only one showing significant activity in leaves. 

The differences between GSi and GS2 are also described on page 366 of Buchanan et al 
(attached). Although this textbook is published later than the filing date of present application, it 
clearly demonstrates the differences accepted in the art between GSi and GS2. Further, the same 
view was expressed by Li et al with regard to maize GSi in 1993 (Plant Molecular Biology, 23, 
401-407): "The transcript of the putative chloroplastic GS2 gene was found to accumulate 
primarily in green tissues as expected, although some transcript was detected in roots" (at 402, 
bottom of colunm 2); and "... GS2 transcript accumulates preferentially in green tissues" (at 404, 
column 2). Li et al also reported that "[t]he coding regions of the five new cytosolic-like GS 
cDNAs exhibit from 80 to 96% nucleotide sequence identity when compared with each other and 
67 to 70% nucleotide sequence identity when compared with the homologous regions (excluding 
the putative transit peptide coding region) of the GS2 cDNA" (at 402, column 1). 

These significant differences in sequence identity clearly point out that a selective 
repression is possible through inhibition of the target RNA using the right anti-sense sequence. 

The Office Action states in the last lines of page 15 that "Coruzzi clearly teaches the 
importance of targeting GS2/'' However, the section of Coruzzi cited in the Office Action (page 
29, lines 26-29) reads: "In embodiments, where suppression of most, if not all, GS isozymes is 
desired, it is preferred that the co-suppression construct encodes a complete or partial copy of 
chlororplastic GS mRNA (e.g., pea GS2 mRNA)." 

Coruzzi refers to the suppression of more than one (if not all, in a non-selective manner) 
GS, which is, according to the disclosure, at least directed to cytosolic GSi and GS3, as well as 
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chloroplastic GS2. This again clearly demonstrates that Coruzzi is not aware of the relevance of 
a selective knockout of the chloroplastic GS2 as described in the present application. In no case, 
including in section 6.2.2 of Coruzzi, is the combination of a reduction of GS2 and the timely 
adjusted up-regulation of ASN reported. The only related information is on page 48, lines 24-28: 
"Typically, plants co-suppressed for GS2 grow more slowly than wild-type and developed 
intervenial chlorosis (see Figure 10) due either to the toxicity associated with ammonia 
accumulation during photorespiration, or glutamine deficiency." There is no teaching, 
suggestion or motivation toward the combination of suppression of chloroplastic GS2 and an 
increased level of AS in a single transgenic plant. The combination of suppressed GS2 with 
prokaryotic ASN- A, which uses ammonium rather than glutamine for the production of 
asparagine (Cedar and Schwartz (1969) J, Bioi. Chem, 244, 41 12-4121) is also neither taught nor 
suggested. Contrary to this, Coruzzi reported on page 20, lines 22-28 the following: 

"These plants having one altered enzyme also may be crossed with other altered plants 
engineered with alterations in the other nitrogen assimilation or utilization enzymes (e.g. cross a 
GS overexpressing plant to an AS overexpressing plant) to produce lines with even further 
enhanced physiological and/or agronomic properties compared to the parents," 

Herein, Coruzzi et al. discuss simultaneous overexpression of GS and AS, but not about 
repression of GS and overexpression of AS. 

Furthermore, Coruzzi et al, explain in more detail on page 21, lines 20-36: 

"The present invention provides that engineering ectopic overexpression of one or more 
of those enzymes would produce plants with the desired physiological and agronomic properties. 
... The engineering of enhanced expression of "root-specific" cytosolic GS (e.g., pea GSj is 
especially preferred." (Emphasis added. See also Table 2 on page 55 and Table 3 on pages 
56/57 and related comments within the corresponding text.) 

Coruzzi et al. actually teach away from the concept of the present invention. Consider 
the following statements: "these results show that the growth improvements are due to GS 
overexpression and not to the mere engineering of plants with the CaMV-35S GS constructs. 
For example, Z54-A1, which as been engineered with CaMV 35S-GS2 and was co-suppressed 
for GS expression, exhibited profoundly poor growth" (page 58, lines 4-12); and, "these results 
demonstrate that GS activity is a rate limiting step in plant growth as inhibition of his enzyme 
causes severe phenotypic effects on growth" (page 58, lines 9-12). 
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This is contrary to the present invention, where a reduction of GS activity is combined 
with the overexpression of a prokaryotic ASN in a transgenic plant, resuhing in a significant 
increase in the observed tuber weight of the transgenic plants. Moreover, these transgenic plants 
show more vigorous growth and flower earlier than wild type plants. 

According to Coruzzi's assumptions, the inventive concept of an GS reduction and AS 
overexpression, as claimed herein, should not work at all. 

Concerning AS overexpression, Goruzzi et al. refer to the ectopic expression of AS in a 
transgenic plant (ectopic as explained/defined in the Goruzzi specification to mean "in all cell 
types", see page 62, lines 16-17). In addition, Goruzzi et al state that 'the studies presented here 
examined whether the ectopic overexpression of AS in all cell types in a light-dependent fashion 
would increase asparagine production." 

Contrary to this, the present specification clearly states and claims a prokaryotic AS 
(ASN) which either is targeted to the chloroplasts or is expressed directly in the chloroplasts. 
This clearly means that the overexpressed ASN is present only in chloroplasts, and thereby only 
in green tissue, not in all cell types , as disclosed and intended by Gorazzi et al. Neither Goruzzi, 
Temple, Dudits, nor any combination of them teach or suggest that the combination of anti-sense 
GS2 and overexpressed prokaryotic ASN would have a beneficial effect. 

Goruzzi et al. further state: "It can therefore be anticipated that creating transgenic lines 
which express both GS and AS at high levels (by crossing AS and GS overexpressers) may have 
even more advantageous growth traits than either parent. In particular, the approaches disclosed 
here have the advantage that assimilation in transgenic lines will not be restricted to a few cell 
types, enabling available nitrogen in all plant cells to be utilized. The ectopic overexpression of 
both GS and AS in a single plant may have the advantage of avoiding glutamine 
accumulation.. (page 77, line 30 - page 78, line 8). Again, this is based on an increase in GS 
(which GS is not clear), rather than to a reduction in GS levels, either alone or in combination 
with overexpressed prokaryotic AS. 

It is thus asserted that the claimed invention is not taught or suggested by the cited 
references, either individually or in any fair combination. Accordingly, reconsideration and 
withdrawal of the rejection under 35 U.S.C. § 103(a) are respectfully requested. 
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CONCLUSION 

In view of the remarks and amendments herewith, the application is believed to be in 
condition for allowance. Favorable reconsideration of the application and prompt issuance of a 
Notice of Allowance are earnestly solicited. The undersigned looks forward to hearing favorably 
from the Examiner at an early date. 



Respectfully submitted, 

FROMMER LAWRENCE & HAUG LLP 
Attorneys for Applicants 



Marilyn Mattnes Brogan 
Registration No. 3 1 ,223 
(212)588-0800 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

In the Specification 

On page 15, line 1: 

The nucleotide sequence of the modified transit peptide from the small subunit of 
Ribulosebiphosphate Carboxylase from pea was isolated from the vector pNi6/25 (Wasmann, 
C.C. et al (1986) Mol. Gen. Genet. 205: 446-453) as a Hind3/Sphl fragment. As described by 
Wasmann et al., the pNi6/25 vector was derived by cloning EcoRV-BamHl fragments containing 
the modified transit peptide sequence into a vector fragment produced from ptac/TPNPTII by 
digestion with EcoRV and BamUh The ptac/TPNPTII vector was derived from pTPKK which 
was constructed by ligating an EcoKl-BamHl vector fragment from pKM 109/1 5 with the 
HindllhBamUl fragment of pTP2 that contains the transit peptide coding sequence and the 
EcoRl'Hindlll fragment of ptacl2/Hind that carries the tac promoter. pKM 109/1 5 contains the 
NPTII gene vyith an upstream BamHl site. Plasmid pTP2 was derived from pTPl , which carries 
the EcoRl'Sphl fragment of pPSR6 (Cashmore. (1983) In: Genetic engineering of plants - An 
agricultural perspective: Ed. Kosuge et al. Plenum Publishing. NY. pp. 29-38) that codes for the 
promoter and transit peptide of the small subunit in pBR327 (Soberon et al. (1980), Gene 9:287- 
305). [This] The modified transit peptide (SEC ID NO: 3) contains a duplication of 20 amino 
acids compared to the natural transit peptide (SEO ID NO: 4) . The 20 amino acid duplication 
results in increased transport into chloroplasts over that observed with the natural transit peptide 
(Wasmann et al.). 
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In the Claims 

9. (Thrice amended) A process for the production of plants with improved growth 
characteristics, which comprises the following steps: 

b) transferring and integrating[integration of] a nucleic acid [DNA sequence] 

encoding a polypeptide coding region comprising ffor] a prokaryotic asparagine 
synthetase coding region [in the plant genome ; wherein said DNA sequence is] 
linked to a [regulatorvl chloroplast leader sequence for [the expression of said 
DNA sequence and] import of the asparagine synthetase into [the] chloroplasts or 
plastids of a plant celi^ [and] wherein said nucleic acid is operativelv linked to a 
regulatory sequence for expression in said p lant cell [exhibits the biochemical 
activity of the imported asparagine synthetase in its chloroplasts or plastids]; 

b) transferring and integrating[integration of] a nucleic acid for expression of an 
antisense chloroplastic glutamine synthetase RNA[gene] or [a] portion thereof 
comprising transferring and integrating [into the plant genome which encodes and 
expresses] an anti-sense chloroplastic glutamine synthetase nucleic acid 
operatively fRNA of said gene wherein the DNA sequence is] linked to a 
regulatory sequence for expression of said anti-sense RNA or portion thereof in 
said cell to make a transformed celh fthe transcription of said DNA sequence] and 

c) regenerating[regeneration of] intact and fertile plants from the transformed cells. 

1 1 . (Thrice amended) A plant cell obtainable by tiie[a] method [as claimed in]of 
claim 9, comprising: 

a) a nucleic acid encoding a polypeptide coding region comprising a prokaryotic 
asparagine synthetase coding region linked to a chloroplast leader sequence for 
import of the asparagine synthetase into chloroplasts or plastids of a plant cell 
wherein said nucleic acid is operativcly linked to a regulatory sequence for 
expression in said plant cell; and 

b) a second nucleic acid for expression of an anti-sense RNA to an endogenous 
chloroplastic glutamine synthetase gene or portion thereof comprising a nucleic 
acid comprising an endogenous chloroplastic glutamine sythetase or portion 
thereof in an anti-sense orientation operativelv linked to a regulatory sequence. 

t -i 00068224 
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said second nucleic acid providing reduced levels of endogenous chloroplastic 
glutamine synthetase activity upon expression of said anti-sense RNA in said cell 
[wherein a prokaryotic ammonium specific asparagine synthetase exhibits the biochemical 
activity of the imported asparagine synthetase in its chloroplasts or plastids and which contains a 
gene construct which provides a reduced level of expression of endogenous chloroplastic 
glutamine synthetase activity]. 

12. (Amended) A plant, seed[s,] or propagule [or propagation material] containing a 
cell[s] according to claim 1 1. 

1 3 . (Twice amended) A gene construct comprising a nucleic acid [gene] encoding a 
polypeptide coding region comprising a prokaryotic ammonium specific asparagine synthetase 
coding region [operatively] linked to a chloroplastic leader sequence for [regulatory sequence for 
the expression of said gene and] import of the asparagine synthetase into the chloroplasts or 
plastids of a plant cell , and which construct is operatively linked to a regulatory sequence for 
expression in said plant cell and wherein said plant cell exhibits the biochemical activity of the 
imported asparagine synthetase in its chloroplasts or plastids. 

14. (Twice amended) A gene construct according to claim 13, wherein the 
prokaryotic asparagine synthetase polypeptide coding region is linked fgene is an E. coli 
asparagine synthetase gene with a chloroplasic leader peptide] at its N-terminus to[and which 
leader peptide is] a modified transit peptide coding region from [forml the small subunit of the 
Ribulosebisphosphate carboxylase from pea comprising fcontaining] a duplication of 20 amino 
acids from said fcompared to the natural] transit peptide coding region . 

15. (Thrice amended) A vector comprising fcontaining a] the g ene construct according 
to claim i3[14 which gene construct comprises a sequence which encodes a chloroplastic leader 
peptide at its N-terminus and which leader peptide is a modified transit peptideform the small 
subunit of the Ribulosebisphosphate carboxylase from pea containing a duplication of 20 amino 
acids compared to the natural transit peptide]. 

1 6. (Amended) A plant cell transformed with the gene construct according to claim 
13 or 14. or with the vector according to claim 15. 
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Figure 8.5 

lb* glutuBdtie syn- 

fjmtltase (CS/OOQAT) 
pitttwvjr ii ttuni^ to be 

of {tflmiiy and Mcoiul- 

Utlan. Sittf of acto 
art shown io* s«wal 



MoltcuUiy and genetic tfoifics 
dmotutnti that cytoioUc and diloroplast 
OS isotniymtf pcifown nonoveflipplnj 
rolei in vivo. 

GS isoenzytxufis on b« sepstated IntD twx9 
daises by ion-exchange diromatographT— 
one localized in Hie cytosol (GSl), the oth^ 
in chktfo^ast (GS2)^ Genes moodizig 
ead\ <3S isoenzyme have been doned by 
tereral difSeroit metiu^, induding cros^ 

com" 

pleoimtaiian of onicroibial G5 mutnvte. Flatit 



G5 d3MAs are able to ccnsnpkment bacterial 
G$ ouitBittt, des^tt ttie fact tliAt <h«br Z9- 
spectlve holoen^raas art diatinct in subuxdt 
stracture and sequence. Plants examixved 
thus far appear to posstea a single nuclear 
gene enccKUb^ 0S2 and muhiple (tm to 
four) nudear genes encoding GSl subunits. 
The GS holoenzymes infants function as 
octamcrs, and CSi polyp^Ttides can assem- 
ble into homo- or heterooctanc». Alihoog^i 
titie ddofoplast and cytosoUc GS holoen- 
zyscie» do not appear to di£Eier significantly 
in tivelr bii>*«nlcai properties when aseay^d 




m 




Ftgim M 

plffitids (CS8) «nd the c/top^ 

in vitro, they have dastterf in vivo 
Ih« chloroplart GS2 holoenayrc is pie- 
doounant GS fsoenzyxoe in leaves (Hg. $ S), 
wiiere U is itvoQ^ to futtfUon bot^i in pi> 
maxy ammarua assimilftticn and in the rm* 
sixniUtion of photoiedpSratfitry ammonia. Cy- 
tosolic GSl isoenzymes ar^ present «t bw 
concttrtratlcjna in leaves and at Wgher con- 
c«Rtc2ttio«s m loois, suggesting that Ate iw^- 



enxymft hu a toie In priznaiy asutarf U to i in 
loob.' In KKie nibiogen-fixing legumee^ 
ule-^Mdfic cytDsoUc isoenzy^ 
GSh) assfmOa^ niito$m fixed l7y rhiz(>bia 

(4eaChap(airl6).* 

proposed roles of GS isoenzymes 
jbctfernd ton thdr ar^-6pedfic distribu- 
tion hava been w&«d Vy mow recent nuv 
lecaiax and genetic analysU. Genes encoding 
chloroplast cytosolic GS isoenzymes are 
exprwed in distinct call types. The gene for 
chloroplavt CS2 is o^ceMed in mesqphyll 
oeUs, wHneaa ths genes for cytosolic 
isoenzymes a^ear to be cxpiessed sped&r 
caOy inpWoem (Kg. 8.9), These distinct cdl- 
spedfic patterns o£ ^ene eT^Tession surest 
that dilorc^lflst and cytosoHc GS iso«n 
zytntt pcfom nonovariapping functions 
in vivo. The phloenMpedfic GSl probably 
synti)esize5 ghitamine tor long-distance m- 
trogen tran^ort. In otavtrast specific »c- 
pxmlon of dtlonplast GS2 in inesc^yll 
calls indicates a role for ^ isoenzyme in 
pdmaiynitro^sssiniilition, or in die xis^ 
sxmiladon of photorespixatory ammoniiun. 
Genetic avidttice supports the latter condu- 
Mor. !%9t mtxtants iaddoxoplast GS2 dis- 
play a conditional totality: They die to 
but grow in a 1% COt *toiosph«tc that sup- 
pxessesphoiiwespiiation. Tim, tiw dUoro- 
plast C52 enzyme is responsibk fen: taassim- 
ilAtix^ pKotoMspiratory ammonium released 
in mitodhondria. This exansple demon- 
sttatas how a mutant can be used to define 
tiie ftux llyxm^ a pathway in vivo v*en 
the penTCtws jegulating intra- and ittiser- 
^fil«Ur tran^rt aee imloiown. Second, 
GS2 mutants have nonnsl amounts of cy- 
tosolic GSl (see Rg. »^), confirming that the 
GS isoenzymes play nonoveriapping toles. 
Moreover, the pWoem-^edfic expteaalon of 



Figure 6.7 

MfiihioniR* guifoBdsune 
and pbofE^tteotektci/ 
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cytowlk GSl may explain -why this j»o«n- 
zyma ift unable to competi5at« for the loss 
th* chlorc^last GS2 iaotfusym* in leaf me5o- 
pl^ odb of bgricy CS2 phototeapir a to* 
ty mutant! (Bex S^). 



&23 Mtrtanb indiat* a ma|or role for 
Fdx-COGAT bi photompiratiott. 

Despite extensive bioehemkal charactesiza- 
tloM of Fdx-GOGAT *nd NADH-GOGAT in 
pknta, it is not cunently resohred ^ethex 



tKese Ifloenayxrvcs perfotm owlapp^ 
distinct fonrtions in vivo, Quanlitativt anal- 
ysts of cBidi isoen;eytn« in varioud tissues 
ha^^bem used 35 drcuxnstantial evidence to 
propose an in vivo rok- For exaxnpler Tdx- 
CXXUT i» the ptedooxubnant GCX^T idoen- 
zyme in leaves and can account jpr a$ much 
as 9S% to 97% a< total letf GOGAT acttvfty, 
as dfitetznined In AnzHiop^ and l>a£ley 
(TaWe 8.1). In coDtnsH, the NADH-GOGAT 
isoenzyme is present in b w amounts in 
leavfis hut constitutes the predoooainant iso- 
enzyme in nonphotosyndietic tissues such as 



(A) 




Figure 8.9 

Fhctppaphsandli 
plttib show 6\«t and GS3 poBwtim aie 
tissu* typw. Um ol ^-^ocuxortadjse ttitaing to 
flp#ciSc (Ptpicoton pflttents is dBscribodin Quptw^ 7/ Box 73. Hbxcu 
pioiQotar for dUoaBO]^a9t4oe&K2ed GSZ a cxpx^^ 



ads; LB, leaf blade} UV, flaidvefn; m^Moem VP, poHsade pvflti^ 
dhyiai: PT> pfthp uiqiJtym a; toot; $P, gpoogy p waKiiya u; 
tdduM&e; V, weoklixrs; X i^lanL 
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jC«y wards: %<ait^9Q^ probes, gluunun« sytttheuse, crtzucrtpc accamulaaos* Zsa mays 



The mai2fi geaome has been shovm to eonuin six ghitamint synthttAse (CS) |t&t« wiA ai Iwi four 
dilTerat upression patterns. Modco^ 3 ' g«a«<$p<dflc probei wm contmcced from all sbc GS cDN A 
clones ind iu«d to •x&roiM transcript levels bo selected wgnas by RNA gel blot hybndasnon experi- 
nients. The tranicrlpt of the single potadve chloroplaitic OS^ geor found lo iccanmlm primtniy 
in ireen tissues, wherets the tnnscHpts of the 6v% putetive G^i senes were thcwo to ecctsmulate 
preTerattiftUy in roou* The specific pettems of irsoscripi aecumulexion were quite diltinct for the five 
GSv gcneS) v/tth the excepciQn of two dosely rdoced genes. 



Olutvnine ^yntheuse (GS; EC 6.3.1.2} pl&ys a 
central role io the flow of nitrogen into mtrog- 
MOtts organic compounds of plant cells by cait- 
'^trnfths usimilAiionof ammonlfrinto glttsasune, 
which Is then converted to giutamate via the ac- 
tion of glutamate synthase ( 13 ]. In higher pUtnts, 
GS is known to occiir as multiple Isoenzymes [6] 
with one ieoenzyme (de<ign«ted GS^) locailzed in 
chloropto^cs and ptie or more isoenzymes (des* 
ignited GS j ) presaat in the cytoioi { 121. The GS 
isomzymes of plants are encoded by small gene 
fmilies [2, 3], with the largest GS gene fan&ily 



reported prior to this study bebg the five GS 
genes in Fhaswius ndgayts [6], tn this paper, we 
present results showfaif that the maise gmome 
containi six different GS genes that exhibit five 
distinct pattenis oftrenscript aecumuUtion* 

A maize inbred A18$ nedltng cDNA library 
was prepared in IgtlO and sereeaed for CS<* 
codhig sequences ^jylnfUu plaque hybridiza2ioa 
with the putative ohtoopiafidc GS cDNA Ull.aj 
probe. A single positive puuxive GS\ cDNAdone 
WIS Idendfled and used as a probe to rescreen the 
U'brary. Char8c(enza:lon of the restriction pst* 



The EUi6leotf<t9 {oqutncf dsu rcpontd wiu appev io ^ EMBt^ ^toBask aid DOBJ Ntiolsot&ds S^qaiaet Dssbastt uader 
!bc iceettbii numbeM X6Sn6 (OSutX X$S9r (GSj^X X65m COS,.iX X55929 (G9t J. X65930 (OSj.;) 9&d X659}1 (OStX 
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tmoftheposxtiv clo&«»isolaiediotbtmcyeea 
dttEumsmted the prvBMce of four new OS se* 
q[oaaces. Ont cDNA cleat of each w wtt sub- 

, cloned in pUCllS mi pUCU9 IJS]» udnMttd 
sets of dtietkm subdoftM were eossouettd snd 
seqaeoced by the dideoxyaudeotide chttO teAsi- 
fiaiicn procedure [ 19]- Based oa teqaenoe limi* 
laiitiet with GS-eodinf sequeacet of other «pe^ 
cies, the ISve new cONAi eppear to encode OS 
polypepddee of tht cyiosolic type. Thtu, th^ h»ve 
beeadetigftoted GSu^, OSt.^, GK» OS^ ead 
QSx^ and the pi^>dOtt$lr <=ii»«*"«d BM*** OS 
cONA [2\l pttutivety encoding chlorepleedc 
OS, has been defiignflced GS^. AH of the cDNAa 
coQteln complete codizig sequences with the ex* 
cepcion of GSi^, which li lackinj pin of the 

• 5'«cod2Q| sequence. The j' cenninus of GS^ was 
resequencitd dokifng the pmeat iovest^atioa. 
and one error in the Q$z seqaoce pubMed 
by Shuitad wtaL [21] waa detected. The co^ 
recced sequence predicts a OS polypeptide with 
t putative chioroplast transit pepdde 42 amino 
acids in lensth with stdidng simflarity to the pre- 
dicted transit peptide of the GSj polypepdde of 
riccUaV 

f The codinf regioos of the five new cytoioik- 
like OS cDWAs exhibit (hun 80 to 96*A nucle- 
otide sequence Identity when compared with each 
other and 67 to 70% nucleotide sequence identity 
when compared with the honiologous regions (e;^* 
chiding the putative trsnfixt peptide coding r^on) 
of the GSa cDNA. There are two pairs of cbsdy 
related cDNAs. The coding sequeoeee ^ GSui 
and GSi.5 (partial) share 96% nucleotide se- 
quence identity, and those of OS1.3 and OSi^ 
exhibit ^% nudt odde sequence identity. Five of 
the AI88 OS cDNAs appear to be very similar, 
but not IdmdcMl to the OS cDNAs torn nudze 
cv. Golden Cross Bancaxn T51 charscMEized by 
Sakakibara «t ai. [17], with from 3 to II nude* 
otide differences in the codiag regCoos, respec- 
tively. Qoaes pOS122, pOSli:, pGS107, end 
pOSU? of Sakakibara etcL correspond to 
cDNAa.OSi.i, GSw, GS,^ and GStj respeo- 
tiv^, described here. The sixth gene, GSi^^ is 
not represented in the cDNA clones studied by 
Sakakibara^fo/.. 



To relate cDNa ctones to spedfc aaaooac 
resBiction fragnmu, we have constructed 3'- 
aoaeoiUng ttte-spedfie hybrtdixaiion probes fot 
each of the GSi cDNAa and used these probes 
inaSotshefflbtotantiriieofthemaUe genome, 
la each case, the fene*spedfie pnsbe hybridized 
to a sisgle genomic restiietioa ftsagmentt one of 
the set cf cettfiedan ftagaeoai detected with the 
GS x<9^ sequence probe (Fig. 1). Collective, 
the GSi fsne-spediSo probes detected all of the 
geaoxaie fragnenia UentifiBd with the OSj^coding 
aequeoce peobe except for two (£co BI-d%ested 
DNA) or three (tfted m-djgeeted DNa) small 
fta^aioits* Since these small fragments probably 
resulted ftom restriction sices within introns of the 
lespeetlve genis, the Southern blot resulu eze 
consisient with a maize six-member OS. jpno 
family «^ «^h of our doaed cDNas repmcnt- 
TOg one member of the gene family. However, we 
cannot rule out addttionai OS sK»^ on co* 
asigrating flragmencs or with dlv«K)gent coding se* 
quences. 

To examme the sizes of indivklual GS gene 
transctiptt ^d to obtain some hformaiion about 
the pattftns of expression of the six klentified GS 
genes, pdt^Ay RKAs wete isotaied-ftom a va- 
liety of orgens/tisaues and analyzed by northem 
blot bybciiSzazions peifbrmed u^ both coding 
leqaance and gene-'speciflc probes. Figure 2 
shows representative northem blot resulu dem- 
onstrating the distinct sizes of the GSi aad GS2 
traascripu and showing the two very different 
pattsnuoftraaseript accumulation observed. The 
northem blot shown ia Fig, 2 vax stripped of 
radioactive probe and hybridized «eqaentia&y to 
each of the GSi 3'<ioncodin$ gent-speczfic 
probes. Hie resnha (not shown) demcastraied 
that an fi^ G$i tnasoipts are cn. 1.4 kb longr 
whereas the size of GSj transci^is about 15 kb. 
The tnascripts of two feaes, OS ORg. 2) add 
GSi^ (dau not shown), were obs^vid to accu* 
mnlate to detectable leivels in most of the organs/ 
tissnes esaadned« wbeseas the transciipta of the 
other three GSi B»es were observed to accumu- 
late ptiaiarily ia roots (Fig. 2, data showa on^^ for 
GSui). The transcript of the puurive chlorpplas- 
de GSi feae was found to acccanulass primat^. 
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digested wkh M (S) »d #M UK (HX rarpevtively. ffyM^nsIoft a&4 W4xb eeaditioM «cr« ai dneiiM by Oppoihmr 
f r 01. [ 16]. Tliff DN A d^agnwii on i «tnflle blot wrere tiybri^sed sc^iwatUay with Cbtfowteg radto«itv« prob«i: th£ 05 i eON A 
ttittus tht po(y^) tatt. ch« OS« cDNa mi&ufl thje p^ly(A) tiil ob^ e»sh oT eb< (Iro CSj J'-ooModhis gm^'SpoeSie^ pfabet. Afi 
^bet uwcito siRfle-iirvukd wtcb th< 4«iMdtflqu«&tti pmnt b pUCIII ar pUCllfcr afaraw fs^urfM 

doubl«-ira4«d Izum DNAi exMsed i>om cither pUC) l» or pUCU9. Sb^e-ftnndfltf pnbcf ««• ^F-Ubckd ^ pdmtr- 
VEwuioA pracoeol of Ha aad Meiti&« [ 9]i doubl4-itnAded pro^ m '^P^ibtlid by ib« taate^cimtr pncoeol oT Peiftbocs 
»d VofdneA (9]. TTie lene^ptdftc probot wtrc subaloaes contaiftiD« fxdusfvily J'-aooesdbif xcqonm exBOKfof frtn 
rtKriciioB tttaf or ttttoa tubelosv cembt near tfte trsottetioa-eMiAadOfi «tpi« lo tbo V wstei of oONA dont*. IVe fx 
|eBe««pecafi« probe» coftcajAe4 the rbUowlac Mqacscts: gS ^^t, a 356 bp ftagiMm VIA ^ 5' Mmiaui « aXb 1 fto 21 bp 3' of 
the TGa: GSi«3, 4 170 bp I^agmeai ^^ih tho S' tad i ^oc U lise 7 bp T of tiio TGA; 0$i^|, i LTT bp fr^nient witiiilu i' 
tad « a f ft U liu S bp 3 ' eftht TOA; OS^^ a 27Z bp frtpsenC with the tM&at «£afti^IfiSce<7bp3' of ttio TGA; GS^^. 
atZ7bpfr3|0scniwkbitae5'«id«ci5>AXciu3Ibp3' 9rtb«TOA;aad05>a3nbpft89oe8twitb5' eodsiad«MoA$ubclon« 
t^foioiu 49 bp 5' of th« TGA. Th« pflcidoiii of marker DNa ftagMtta of cba bttfloaM tiiflt are ibo^ on left. 



hi greea dtaues as expected, although some tran- 
acript w»5 d«tfct«d in roots (Fig- 2). 

To obtain a more accurate picture of the dif- 
ferential accttmolation of is^dual GS gene 
tnaKtipts la organs of developing plantSi W9 pe^ 
formed dot bloi hyhridaations luing polx(A)'^ 
RNAs isolated from selected orgaaa /tii0uec aiid 
qoaaticated the l^bridized prober with a radio* 
a&tlytic imifiiii lystem. Quantidee of hybridized 
probe were aonnalized for poIy<A) RN A levels, 
estimated oakg labekd poV(U) aa probe, in the 
RNA samplea analyzed. This procedure fVdIi- 



tates compansosa of the levrii of hdMdiial Cran- 
scripts in dUTereot organs/dasoei, bat oet qaaa* 
thaxive comparisons of difiemt tn&script lev«ia 
ifiXbm ociitti/tiscaei. However, imce the gt^ 
<peciBc proboi were simflar ia size and were la-, 
beled uiin; the seme protocol, the results prob- 
ably reflect, u a (roif the levels of die 
ditEbrest CS cran^oipts hi 4e organi/tissuee ex- 



Since the reaoiu cf the aonhcm blot experi* 
menu indicated that aO of the GS; ffitun were 
cxpret led m roots, we attempted co further local* 
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teoft accumttlilioft to sahceed M|«AS/tiiKW flf 
p0ly(A>- XKAi as Ml WrtpUt) « a ifa^ 
biidlzea 4e^Mftti:ity with (wp) a otettfe of the 03i,i W 
oil cDHaj «iftu« tiHir poiytA) WilL Wd«») * OS,^ J'* 
Mc(»dltts «ii»-spKific pN^ «Bd (bottom) t 

wWi «h« OSa cDNa pcob* airoc. oalT hlfWd^tes battdi c«* 
rwpoadftf ta po«iti«» w ih« «pp^ prewni to the »p 
phouvftpl^ *«• obi«*td Wsia ngt ihawa), iadletttaff to 
t)w tvaw GS RNA «pe«e» {»b«it U kb ia iin> 1» OS5 
t/aaKTipt Tto* RNa »Mnple9 w<rt CfM*aaw4 on UmaSfS^ 
hyd#-agarofe fftls (231 aw* ^«M*nttd co ttytea Bcmbrw* 

lohiiioa, Hybtvfitttkm tad wwh WBditt«U w«m ai de- 
ttKb«d by H wwy *f d/. 1 101 «ecpt M ;f fi/ffll pfl*y(A) wai 
added to *t pfiftybridiiwioii and HjrWdizittott soKjsiflfti, 
Ttlf RNAfi ara from Stack ^We« Swtct cakurc ceas (^^ 
leaf fclatfc (Lb), fttra (St), lecdliflg ihoW (S«). l^*^ 
root tip (Hi). «mbiyo (fimX dtwtlopinB wdMpttm (Ea), yatafi 
cob (Cb). poltei (Po), std yottag tuset ffa). M««ip 
can 5 fittiiwft Vm* wm ffo*n In MuraaKige and Skocg 
nediom [15] npplcmetl«cd with Z% wcrt«e< i«8/i 
iA^ldwpiicDOxyaeetiq add. »»d 200 tojA ^ 
plam dMoei w« from bbred Um $«edlt4g d»uei o'tinr 
fro© sbwl^Id ptoBQ yowa ai tSfce d»flc » ^ fiUer paptr 
ica5 * CAE other tiswe/oiBattitiBplcsw* from firfd-^»^ 
fittti. Uflf Uido and nett (smplfts were tpom S(MiMd 
plaau wieb ib« lum isdnfiay 000 Mdo nd i9m Ad^acot is- 
unod». Tbt tcndEttg shoot Inehided cht fUn tomodt piu» 
the eoteopiile. Itoot cliitte sftBptts wow *U-d«3^cld 
. ietdlio». TbB*««t tip defiricd as the 1 fflm disul 
EAbryos en^aspamt vcre dissoficed ftoA evs 15 diQ*! 
after poUbiiSoiii eofaf vwe immaim (1*2 cm tt l8C9h) and 
unfcttrnxcd- TaaMl pcfawrtiE (0.5-1 am a l«o|th) wwe <fl^ 

Ue the individval OS transcripts wiihin rocu by 
defecting roots of six-day •old seedlinss vaio root 
roci cortex, a&d root vtscuUr cyfindet. Tto 



B n g dioat, kaf bUde. immitBW cobi tmbeyo, and 
poQeb. Tht rewitt of thew dot Wot «xp«feacnt» 
vtfilM the » 6uto of the oorthim Wot hybiMJMr 
t»as aBd tfvetW some «trikm« p«nma of 
fcraoii tmsctipt •cctannlaiioo 

toou. FifBwJ «howf therejult^of to^^J^^ 
brfdizadcM ttitaf probes ipedfie fbr etth of d>« 

six cloned OS cDNAs end poly(A)* RNAi too- 
taMd fkom dxe atee ofgew/nBSttfi* described 
above. la vceaaetii tfjenonhem blot dua, 
the r«S94ts of the dot Wot byteidixaxtou* demon- 
<tr>ittd thei (I) the OS^, OS end OS>s Wfl- 
seript£ accamubce ppaCBrentielly m 
(Fv. and B\a) 4*0Si-s «^ 
seripu accaaivUxe to measunble leveU in au nuit 
ooaai/dssaes exaodned and exhibit ^ limiler 
pSm* of transcript ac«^^ 

and (3) the OSj transcript accumuUxea pref- 
m^tixUSfy fa gceeo tlssuei (Pig. 3F). ' 

The moit atrikmg refldi of the dot blot hybrid- 
Izatioft axperimenw was the difliatwtial aceumu^ 
ladon of *e root^ereatla) 05^, GSj^ end 
GS. 3 uranacripu wiihin the corical and vascular 

re^ of seedHng roots (Fig.3A. B, and E). 
Whereat the transcript of the OSja 
fbvmd to aceumolaie primarily in the vascular tis- 
sues of roots, wbh avwy anafl amount In the root 
cortex (Fig. JB). the transcripts of genes GSi.i 
and GS,^ were shown to aocamulate to the cor> 
deal tissues of seedlmg tooiSv w|rh transcripti 
bdow the detectable lewd in the vasculature of 
roou (Ffg. 3 A and E). In addition to hs high level 
of expieaatoflTn root cortex, the OSi^ tranacript 
was also resent hi seedUng dioot and in stem, 
two tissues where the GSi.t transcript was baidy 
detectable. Thus, with the exceptson of the closely 

teiaced OSt^ and OS^^ geoea^ the six GS gtais 
studied exhibited vsry different paAtenu of tran- 
script accamuklioB 5a the orgaas/tiswea inveiti. 
aated' 

Sakaldbam uaLllI] studied the effect of lig^ 
end peeninff of tissues on five OS tranacript lev- 

eis to maiee. Their rssahs are consistent with 
those reported here, with only OS^ tranacript iev^ 
hioeaaing diateg greening of tissues after 
transfer &«m dsric to Bghi. Thsy <iid not analyze 
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tissues tisrac 

(55r. ^. RKa <un b»o( hyW4fuitoA aAat:r<i* of tte oanimaMiQ ^ts^tsat Of 5«a« tfvuaipu fti nSoM tteua/gisias of 
Kn* B7i The doc WflM w«tt pnptnd iubi« polKA) * RHAf 41 4c««iSM ^ Joyve <f «/l I H ]; ftv ooe eUn< i«ot vwetK 
lar cyfiqdtr, <o«l RNA wm utd. RNA laaplti from i%o $t|^«t« fxtr»MioBS UiOyaed dteept &r OSj^ »d 0% m4 the 
tttutte of oea <x^!rillIest ire tho ws. n« RNAi on tht blots v«r« hybnM with J '-mooo^ probca (m r%. I ttsratf) ipc- 
clfle fbf t&ch of elened 03 cDNai (A-P) nhg tlt« ooBdMm dMoKM by O^peshdtter «r o^. RyMtfM pivbt wu 
TUaitaud by r«diosno^ tmt|ftt| (AxBtti, Saa Dloflo, CaX tod ito dan M« McnaHitd by uifts nra^ 
ttos erdifbloti«}Iab«M^y<V)^bb II described VJoyestif/.CU{.TU«aMd^ 
tnaierip!ifldtffiirtsT oq^i/tiMsei. bw doei sot ptn&it vaHd eaoipvtw^ 

•amt tf8«u«. Reladvc vaoicif pt [svel ti indlentd oa th* ordiaau of tmii Ibe orgjtftB^ttem aaalyxed weM itaf bladt (LbX 
youzif oob (CbX etebtro (Sm), peKcB (Po), root corox (Rc), not tqf (Rt). r«ot vtnulfr ejMsr (Rv), seodfiBs shoot (SiX nd 
lUsi ($tX Tlic root conn s&d toot vasctda^ eyfisdef titnptei Wms dis ncM &on Ui« teitdi of cb*d«y<ld leeffiog roo« ddodiBf 
xhe I*cm diicat tips, au oche oqpn and too umpics ai deioM in the ?ir 3 Icftfid. 



the •ceu2nuUdoa «f th« mdMdiial OS transcfipcs 
is difbnat tift«aes and organs duria$ pUoi 4e* 
vdopment. 



Hit diflcratiAl cxpmsioii of redundant CS 
geoes duriag developme&t hu bteti documented 
for both viilgarislU 7, 3] tnd satiwm [4. 24^ 



406 

24]. la the pre&^c study, we have da&unstmed 
thu ch« tzx GS iKtMS of maize exhibit five di0sx^ 
tat ptttem of expresiioQ. Theae renilU Report 
the idea that the r«diui4a&t OS fmw of fluize 
provide a mechanism for the diffenatiat z^olv 
tio0 of OS ly&thtftis dming ptant growth and 
developmeat 

Yamaya and Oaks (27], M\ihttch [ 14], and Ta 
[22] have proposed that the multipU OS iioao- 
zymes may be mvohred m difimni aspects of 
nitrogA metabolism, because the aaude nxtrogea 
of ^tamine is used m a large number of meta- 
boHe pathways [20]- For example, ghtcamine Is 
the m^'or form of transported iiitregen in maise, 
and'thus OS iaoenzymes play a key role h the 
mobSization of nitrogenous corapoonda ihroug})* 
out '^e plane In young seedlings, amino adds 
and saiifi. peptides obtained fh^m the hydrotysis 
ottoAM^trm proteins provide mon of the nitron 
gen h}r growth. Seed forrnatioa also invoivea the 
transit of stored nitrogen t^om leaves and other 
pa^s of the plant to the developing kernels. Dut;- 
ing aenescencc, proteins in older leaves are hy- 
drolyzed to provide nitrogen to younger leaves. 
Thus, it wilt be Interssting to determine the ex- 
pression pattemi of the six OS gsnn of motze 
during ±ese key developtnenttl pcocetseSi 

Given the redandancy of OS genes in maize, 
wiih six genes exhibiting five dudsct paxrems of 
transcript accumulation, a complete undaiistand- 
ing of xuirogen assimilation in this important ag> 
ronomic species wfU become available only when 
the specific functions of alt of the OS gene prod- 
ueu ara known. The results repotted here provide 
a good start toward achieving that objective. 
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Sanuniry. We compared the transport in viiro fusion 
proteins of neortydn phcsj^Hoiransferase II (NPTII) with 
either the transit peptide of the small subunit (SSU) of 
ribulose-l,5-bisphosphate carboxylase/oxygenase or the 
transit peptide and the 23 jaiainotenninal amino aoids of 
the mature small subunit. The^resuUs showed that the tran- 
sit peptide is sufficient for import of NPTII. However, 
transport of the fusion protein consisting of the transit pep- 
tide linked directly to NPTII was very inefficient. In con- 
trast, the fusion protein containing a part of the mature 
SSU was imported with an efficiency comparable to that 
of the authentic SSU precursor.: We conclude from these 
results that other features of the precursor protein in addi- 
tion to the transit peptide are important for uzns^tx into 
chloroplasts. In order to identify functional regioi^s in the 
transit peptide, we analyzed ftle transport of mutant fusion 
proteins. We found that the transport of fusion proteins 
with large deletions in the aminotcrminal, or central part 
was drastically reduced. In contrast, duplication of a part 
of the transit peptide led to a marked increase in transport. 

Key words: Chloroplast protein transport - Mutants - 
NPTII fusions - Small subunit of ribulosc-l,5-bisjAosphaDe 
carboxylase/oxygenase - transit peptide 



Introduction 

The plant cell contains several membrane-bound organelles, 
the most consptcuoiis of which is the chloroplast. Most 
of the proteins of the chloroplast are encoded in nuclear 
DNA and synthesized in the cytoplasm. One example of 
a nuclear-encoded chloropla&t.projtein is the small subunit 
(SSU) of ribulosc-l,5-bisphosphate carboxylase/oxygenase. 
This chloroplast protein is synthesized in the cytoplasm as 
a higher molecular weight precunor possessing an amino- 
tcrminal extension, termed the transit peptide (Dobberstein 
etal. 1977). Transport of the SSU precursor (pSSU) is a 
post-translational (Chua and Schmidt 1978) and an energy- 
dependent process (Grossma^i et al. 1980). During or after 
transport of pSSU into the chloroplast, the transit peptide 
is removed enzymaiically to yield the mature form of SSU 
(Ellis 1981 ; Schmidt and MishJtind 1986). 

A fusion protein consisting of the transit peptide and 
the 23 aminotenninal amino acids of the mature SSU fused 
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to neomycin phosphotransferase II. (NPTII). is imponed by 
chloroplasts in vivo'(Schreier et al 1985). Van den Broeck 
ei al (1985) have shown that a fusion of the transit peptide 
and NPTII is imported by chloroplasts both in vivo and 
in Vitro. From theif results, Van den Broeck etal. (1985) 
suggested that the transit peptide is sufficient for transport 
of a foreign protein into the chloroplast. However, because 
the transport .efficieqcy of this fusion protein was not com- 
pared to that of eitiier the authentic pSSU or the fusion 
protein of Schreier et al. (1985) it is still possible that other 
pans of the precursor play a role in transport. 

In order to determine whether parts! of mature SSU 
are important for chloroplast import, we compared the 
transport of two different NPTII fusion proteins and au- 
thentic pS,$U into isolated intact chloroplasts. As was done 
previously by Van (ien Broeck eial. (1985), we assayed 
NPTII activity to detect the NPTII fusion proteins. A more 
quantitative and reliable comparison of transport efficien- 
cies was obtained by using radioactively labeled precursor 
protein synthesized in vitro. We show that, although the 
transit peptide alone is sufficient to direct a foreign protein 
int9 the chloroplast, the mature SSU, or parts thereof, sig- 
mficanity influence transport. 

Processing of pSSU has been studied intensively. Incu- 
bation of pSSU with partially purified processing enzyme 
or with chloroplasl stroma fractions results in an intermedi- 
ate. Based on this result, Robinson and Ellis (1984) pro- 
posed that maturation of the pSSU occurs in two steps. 
Chlamydomonas pSSU is imported, and jjartially matured 
by pea and spinach chloroplasts (Mishkind etal. 1985). 
Cleavage of the Chlomydomonas preprotein occurs within 
a region of the transit peptide which contains the first pro- 
cessing site. This region is conserved among higher plant 
and algal SSU precursors. Studies in which sp^Wic amino 
adds of pea pSSU were substituted with amino acid analogs 
have shown that the presence of at least a single proline, 
argininc and leucine^ in the precursor protein is essential 
for both import into chloroplasts and processing by the 
purified processing enzyme (Robinson and Ellis 1985). 

In order to identify which parts of the transit peptide 
are required for transport, wc introduced mutations into 
the transit peptide and studied the transport of the mutant 
proteins in^vitro. The use of restriction enzymes rather than 
exonucleasc digestion allowed us to create several overlap- 
ping deletions and one insertion. The NPTII fusion protein 
that has the transit peptide attached directly to NPTII wa^ 
used in order that the function(i;) of iht transit peptide 
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L-ht be studied in the absence of any complex interacuons 
■Shfch may exist between the transit pepUde and the mature 
Sotein. The results show that, although -"'"f"*^^ 
Sk deletions in the aminoterminal' halves f the trannt 
Kde are transported, their import is severely impaired, 
toierestinily. some of these mutants lack portjonsof the 
SSed region which is reputed «> contain the first prx> 
SJ^te (Mishkind and Schmidt 1986). In contrast to 
S dweased import observed for the transit pepUde dele- 
tion mutants, transport of a fusion protein with a partial 
duplication of the aminoterminal re^on df the transit pep- 
tide was improved markedly. 

Materials and methods 

DNA manipulalions. DNA manipulations and gel etectror 
phoresis were performed essentially as described by Mania- 
tis eial. (1982). Small scale and large seale isolation of 
olasmids from Escherichia coli was carried out according 
io Bimboim and Doly as modified hy. Ish-Horowitz (Man- 
iatiset al. 1982). DNA sequencing was performed according 
to the method of Maxam and Gilbert (1980"). 

flomid constructions of genes with wUd-type trcnsU peptide 
To obtain the fusion proteins TPNPTU and TPSSNPTII. 
the intermediate plasmids described below were used. The 
(tene encoding TPNPTU was constrticted by assembUng 
portions of plasmids pTP2, PKM;09/15 (Reiss 1982) and 
ptacl2/Hind. Plasmid pTP2 was denved from pTPl which 
«rries the EcoRl-Sphl fragment of pPSR6 (Cashmore 
1983) that codes for the promoter ahd transit pepUde ol 
SSU in pBR327 (Soberon et al. 1980). pTPl was linearized 
by digestion with Soli, the ends of the fragments were filled 
in using the large fragment of DNA polymerase I and li- 
gated with an equimolar mixture of BamHl (sequence 
COGATCCG) and Spkl (sequence GGCATGCC) linkers. 
The ligation products were digested with Sphl and the ends 
of the plasmid were ligated together; The sequence of the 
resulting polylinker (Fig. J) was confirmed by DNA se- 
quence analysis. To construct ptac/Hind, plasmid ptacli 
(Araarni et al. 1983), which contains the hybrid lac pron>ot- 
er, was restricted at the unique Ptmll site and a «»wlil 
linker (sequence CAAGCTTG) was attached. pKml09/15 
contains the NPTII gene with an upstream 
To construct pTPKl carrying the assembled TPNPTU 
gene, an £coRI-5amHI vector fragment from pKM109/15 
was ligated with the HindlU-BamHl fragment of pTP2 that 
contains the transit peptide coding sequencp and the EcaK\- 
tfwdUl fragment of ptacl2/Hind that carries the i«- pro- 
moter The plasmid pSSKM3 which encodes TPSSNPTII 
consists of a SpM-San fragment of pTPKl as vector, ligated^ 
with a 5>/iI-Sa«3Al fragment which contains the ctxling 
•equencc of the 23 amino acids from mature SSU from 
PSS15 (Broglie etal. 1981; Coruza et al. 1983) and a 
Bamiil-Sall fragment which contains the NPTII gene from' 
PKM109/9 (Reiss ct al. 1984b). ^^.,^,t 
The plasmids ptac/TPNPTII and ptsc/TPSSNPTlI 
*ere derived from pTPKl. pSSKM3. and pOLI. The 
£coRl-£coRV fragment from pTPKl or pSSKM3 was 
txchanged with the analogous fragment from pOLI. The 
intermediate vector pOLl which introduced an oligo- 
_nucleolide containing the model ribosome binding site 
u.*as constructed in the following manner. piacl2 was 



447 



linearized with PvuH and Ugated with two non-phosphory- 
T<^;)2 entary symhetic oligonucleou^^^^^ 
5' CTOATGGCTTCTATGATATC and 5 GATATCA- 
TAGAA6cCATCAG. provided by the University of Ari- 
zona Ugonucleotide synthesis facibty) in molar exce^ n- 
Sation of the oUgonucleotides was ve^f.ed by^.gesfon 
wWi £coRl and £c*RV Ad with EcoRl znd PtuU. To 
3y the structure of the oligonucleotide juncuon se- 
quences, the nucleotide sequence of this region of ptac/ 

^E^pSpSTpi^n and pSPM/TPSSNFni were 

obuined by inserting the "•"'^I"-? " f-^^^r^nSv^^^^ 
the hvbrid genes from pTPKl and PSSKM3. resp«:tiveiy 
n?o thet)oWinker of pSP64 (Melton etal. 1984)^ Plasmid 
pS?i/SsS was assemSed from different intermediates and 

?„ various steps. The gene '^""f;^^; ^ 

A\u ^mn\ vector fragment denved fron^ p^rty^l 
ffisNFill, tS;i«dlS« fragment en<»^^ 
sit peptide (derived from pPSR6), the Sphl-Kpr,\ fra^em 
enSng the aminotemiinal part of SSU from pSSlS 
J^AB'Kt,nl-Hixi\ fraghieai carrying the carboxytermmal 

^5 «1- ""^ 
BamHl and Sail. 



Construction of plasmids with mutant transit W'''"- f 
Son endonVdeases were used to con^«["« 

^Tntly resfriSd by one of the fo"owmg enzyrn«^ 
EeoKV Hina MfllV. or //4«UI. The ends of the fratgmenls 
fenerat^^by digestion with Hirtd were filled in using £. 
S DNA polymerase large fragment. '^.J" 
menis produced by each enzyme were restricted ,wilh Hm- 
Sl^nd iLiHl. 'To produle ^he various muunts appro- 
priate rcstricUon digests were mixed and hgat^ <> a W.J; 
dIIl-fl.2«Hl vector fragment denved from pTPKl- ^he 'i 
oation mixtures were used, to transform ceUs of E. col. 
SraTn 7^18. Messing et al. 1977). Cells ca^n^g ^^^'^^J"" 
am ^b mids were selected on ampiciUin and subsequenUy 
lestMl for their abihty to grow on kanamycin. The correct 
SSure o?the miitations Was confirmed by digestion wuh 
SSntSonucleases. Plasmids P-ZJ ^San ptac 
PNd26/35 were derived by clomng EcoRV-BamHl Irag 
^n'fi^uinmglhenmtant transit p^^^^^ 
a vector fragment produced from P^^^I^^^^^}}!'^,Jt'f'. 
ion with £coRV and BamHl. Plasmids P^f^^ ^^^^^ f nd 
puc/PNd6/29 were derived direcUy from P^^f^^^^^l"^ 
U^t^ng the vector Which hid been digested with EcoRV 
aS with either a WalV-fiamHl or a HaeWl-BamHl 

TusW vectonderivativa were obtained by clomng the 
HOtmi-Sall fragments that contain the enure mutant gene 

the intermed^e plasmids into pSP64. DNA sequence 
analysis was used , to verify that the SP6 derivatives- of the 
mutants had the correct structure. 

Expression in E. coli. Cultures of £. coli (strain 71-18. Mess- 
ing et al. 1977) harboring thi various plasmids were grown 
overnight in Luria-Bertani (LB) medium coniam.ng 100 »ig/ 
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trusit 
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iccATcekecKfoec 

C It G V W P 



TKOPAKLAMItOOCl 



TQC 
C 



JkXQCCOGGftTCOOOCCJUkGCTAOCmaCAfGGArK 

ii9es^oii«t.t>9t 



mix 

CACACMGJUUkCAC 



IcoitV 

CTCATCCC|«OtMRplT A1CC9CT 



Fig. 1. A Junction sequences of the different 
gene constructions. B Sequence of the mode] 
ribosome binding site used for expression in 
Eadterithkt coli. The derived amino acid 
sequence is shown below the DNA sequence. 
Restriction endonuclease recognition sites 
pertinent for the gene construction are 
indicate. The gene fragments or synthetic 
oltgonucleottde sequences from which the 
chimeric genes were derived arc identified. The 
Shine and Dalg«rno (SD) sequence (Shine and 
Datganto 1974) and the initiation codon of the 
transit peptide arc mderlined in B 



m\ ampiciilin. For expression of the cloned genes, the cells 
were diluted 1/JOO in LB medium containing ampiciilin and 
the inducer IPTG (2 mM, isopropyl /?-D-thiogalactoside) 
and grown to late mid-log phase. The cells were concen- 
trated 20-foId by centrifugation. Crude lysalcs were pre- 
pared by probe sonication in 50 mM Hepes, pH 8, 1 10 mM 
K acetate, 0.8 mM Mg acetate. The cell lysates, cleared 
of cellular debris by centrifugatiisn at 15.000 g for 1 min, 
were used directly for uptake. 

Expression in vitro. SP6 transcrjpts were synthesized ,and ' 
capped essentially as described By Kricg and Melton (1984) 
with the exception that the DNase treatment was omitted. 
Piasmid DNA purified on CsCl gradients was linearized 
with Sa!i and the templates were transcribed with SP6 poly- 
merase in the presence of RNasin. The RNA transcripts 
were capped with vaccinia virus guanylyl transferase in the 
presence of RNasin. The capped synthetic mRNA was 
translated in wheat germ extracts' (typically 30iil reaction 
volumes) in the presence of ^^S-methionme as specified by 
the supplier (Bethesda Research Laboratories, Gaithers- 
burg, Maryland). Pea poly(A) \RNA was obtained a& de- 
scribed by Schreier et al. (1985). 

In viiro uptake. The in vitro transport experiments, protease 
treatment, and fractionation wer* performed essentiaUy as 
described by Bartlett et al. (1982), Inuct chloroplasts were 
isolated from 10- to 34-day-old pea pknis (Ferry Morse. 
Progress No. 9) using the PercolJ gradient technique. Bach 
incubation mixture for uptake contained either 100 til of 
E, coil cell lysaie or 20 yd of wheal germ extract in a stan- 
dard reaction as described by Bartlett el al. (1982). Jhe 
mixture was incubated in the light for 1 h. The chloroplasts 
were recovered by centrifugation, washed twice, and resus- 
pcnded in a total volume of 80 ^1. Treatment of the chloro- 
plasts with exogenous protease v^s performed, in the fol- 
lowing manner. The chloroplasts (40^1) were incubated 
with trypsin and chymotrypsin (312 ^ig/nil each) for 15 min 
in ice water. The protease digestion was terminated as dc- 
scribed. ' * 

Protein geh and enzymatic assay. NPTII assays were per- 
formed as described by Reiss et a}. (1984a). SDS-polyacryl- 
amide gel electrophoresis (15% gels) was performed as de- 
scribed by Laemmli (1970) and Huorography was per- 
formed as described by Chamberlain (1979). 



Results 

Constructions with wild-type transit peptide 

Two basic fusion proteins were used in these experiments 
(Fig. 1 A}. The first fusion protein, TPNPTII, has the transit 
peptide sequence from the pea SSU gene ss3.6 (Cashmore 
1983) vonnec^ to the NPTH gene via a shorl linker. This 
linker diHers from that used by van den Brocck et ai. (1985) 
to obtain an analogous fusion protein. The second fusion 
protein, described by Schreier etal. (1985), contained the 
23 aminotentAnaA amin^ acids of matdre SSU Between' the 
transit peptide and NPTII. However, the gene constructioit 
used by Schreier et al. retained the intron located between 
the codons specifying ^e second a^d third amino acifJs 
of mature SSU in the gene ss3.6. To obtain our fusion 
protein, TPSSNPTII, the intron was removed by combining 
genomic and cDNA (Brogiie et at. 1981; Coru77i ci iii. 
1983) sequences. Similslriy, an authentic SSU precursor 
lacking intervening sequences was obtained by combining 
cDNA and genomic sequences (see Materials and methods). 



Compcrison of transport of the fusion proteins TFNPTU 
and TPSShJPTU by enzymatic activity 

TPNPTII and TPSSNPTII were expressed in £. coli ct\\^ 
under the control of the inducible tac promoter (Amann 
et al. 1983). A synthetic oligonucleotide was used to provide 
a model rihosome bindii^g site (Fig. 1 B). Precursor proteins 
and NPTII were obtained as crude lysates of the E. coH 
ceils. Authentic NPTII was obtained from cells carrying 
pICM2 (Beck et al. 1982)^ 

Transport experiments were performed by incubating 
isolated mtaci chloroplasts with the prcprotcins (BartlcH 
et al. 1982). After the incubatJon period, the chjoroplasis 
were recovered and the iektraLCts assayed for NPTII aclivii) 
For this purpose, the proteins were separated on a non- 
denaturing polyacryi amide gel and NPTII enzymatic activi- 
ty wa^ detected tjy phosphprylation of kanapiycin in situ 
(Reiss et al. 1984a). Radioactive kanamycin phosphate was 
visuali2ed by autoradiography (Fig. 3). The enzymatic ac- 
tivities obtained with the precursor proteins in the E. coif 
extracts are presented in Wnes 1 to 3. the transport experi- 
ment is presented in lanes 4 to 9. Whereas TPSSNPTII 
activity appeared as a single relatively weak spot, TPNPTli 
showed a spot of high activity that nugrated slightly faster 
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2. Protein transport analyzed by assaying neomycin phospho- 
transferase II (NPTH) activity., Protein pxpzds were separated on 
ooQ-dcnaiuring polyacryUmide gels and NPTI! enzymatic activity 
was determined in situ. Extracts of precursor proteins : TPSSNPTH 
(lane J). TPNPTII (lane 2), NPTII (lane 3). Chloroplasts before 
(teaes 4, 5. 6) and afiei (laacs 7, 8^ $) protease treatment: 
TPSSNPTH (lanes 4. 7). TPNPTII (lanes 5, 8) and NPTII (lanes 6, 
9). NPTII standards (NPT) were derived from pKM2 extracts 



than TPSSNPTH. Wc assume that the dilTerence in the 
activities observed reflects differences in the expression of 
the two. fusion proteins in £. coll In addition, two minor 
spots of activity that migrated faster than the major 
TPNPTII spot arc visible. These minor spots correspond 
to proteins that were also visible in autoradiograms of ex- 
tracts of E. coli cells labeled with ^*S-tnethionine (data not 
shown). We conclude that these minor spots are unspedfic 
degradation products of the precursor protein produced in 
£ coli. 

Extracts from chloropJasts incubated with TPSSNPTH 
showed a strong signal at a position intermediate between 
authentic NPTII and TPSSNPTH. A weaker signal at the. 
position of authentic NPTII was observed in exti-^cts of 
chloroplasts which had been incubated with TPNPTII. This 
result shows that both fusion proteins were successfully 
transported. Authentic NPTII offered to chJoropJasis in 
amounts similar to TPNPTII was not hnporte<i. 

To confirm transport of TPNPTII and TPSSNPTH, the 
chloroplasts were treated with protease after uptake (Bart- 
iert ct al. 1982). Both proteins were itidde the chlbrdj^Iast, 
as shown by their resistance to protease digestion. However, 
some decrease in NPTII activity was observed after the 
protease treatment. This decrease, which is most obvious . 
in Fig. 2 with TPSSNPTH, was observed only when uptake 
ft'as analyzed under the non*denaturing conditions neces- 
^ry for NPTII assays. The reduction in activity results 
from protease digestion during sample processing under na- 
tive conditions. Consistently, the effect was more pro- 
nounced on TPSSNPTH, possibly because this fusion pro- 
is a suitable target for the prgtcasc. Therefore, the 
'^wlts obtained before protease treatment more accurately 
f^ect the transport efTiciencics of these proteins. Both 
TPNPTII and TPSSNPTH were transported into chloro- 
rtasts while NPTI1» which lacks a transit peptide. Was not 
^Diporied by chloroplasts. However, the two fusion proteins 
Appeared to be transported with drastically different effi- 
J=»fncies. Because the specific activity of NPTH fusion pro- « 
J^s depends on the nature of the aminoterminal extension 
^Weiss et al. 1984b), the differences in NPTII activity which 
observed could reflect the differences in sequence be- 
en TPNPTII and TPSSNPTH. To resolve this point, 
measured impon of radioaclivcly labeled precursor pro- 
a method which allows a more accurate quantitation 
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Fig. 3. Transport of labeled precursor proteins. Precursors ob- 
tained, in .vitro from Pea.pohf(^)'^ RNA (lane 1), pSP64/SSU 
<lfche'2):i;S^64nTT^71I (Janc^3) and pSP64/TPSSNPTII (lane 4). 
Chloroplasts before (lanes 5, 6, 7, 11) and after (lanes 8, 9. 10, 
12. 13, 14) protease treatment: SSU, lanes 5, 8; TPNPTIi. lanes 6. 
9 ; TPSSNPTH, lanes 7, 10, Transport of precursor obtained from 
pea poly (A)* RNA-primcd wheat germ exlracis, lanes U and 
12. Unes 13 and 14 are identical to lanes 9 and 10, with the excep- 
tion that a longer exposure is shown 
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Fi{* 4. Fractionation of chloroplasts after uptake of labeled precur- 
sors. Precursors: TPSSNPTH (lane 1) and SSU (lane 2). Stroma 
fraiptions of chloroplasts incubated with pSSU: chloroplasts with- 
out (lane 3) and with protease treatment (Une 4). Stroma fractions 
of chloroplasts incubated with TPSSNPTH: chloroplasts before 
(lane 5) and after (lane 6) protease treatment. Membrane fractions 
from chloroplasts incubaUid with SSU precursor: chloroplasts 
without (lane 7) and with 0ane 8) protease treatment. Membrane 
fractions of chloroplasts incubated with TPSSNPTH: chloroplasu 
without (lane 9) and with (lane 10) protease treatment 

of transport since it does not depend on enzymatic activi- 
ties. 

Comparison of transport of pSSU, TPNPTII and 
TPSSNPTH using radloactively labeled preprotein 

In order to obtain rstdioactively labeled preprotfeins, the 
chimeric genes coding for TPNPTII, TPSSNPTH and 
pSSU were modified to allow transcription by SP6 polymer- 
ascv The- modified plasmids pSP64/TPNPTII, ' pSP64/ 
TPSSNPTH and pSP64/SSU were transcribed in vitro, the 
synthetic niRNA was capped with guanylyl transferase 
(Kricg and Melton 1984), apd translated m wheat germ 
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Fie 5 Schemaiic represenuuon of mutations in the 
xtlJt peptide of TPNPTII. The deriv«l ammo 
acid sequence of the transit pcpude and the 
junction between the transit peptide and neomyon 
phosphotransferase 11 (NPTll) are shown. The 
locations of the restriction cndonuclease sites 
refeaei to in the text are indicted. Deletions are 
shown as bars. The sequence of the partal 
duplication in the transit peptide is shown 



extracts (Banleti et al. 1982) in the presence of "S-methio- 
Sriranslation of pSP64/SSU RNA yielded a poly^dde 
!d!Stical to that obtained from translation of pea leaf po- 

'^'"^rhe radbacUvc precursors were incubated with isolated 
inu t cSoroplasts and extracts of cWoroplasts analyzed 
by SDS-polyacrylamide gel electrophoresis foUow^^^^V 
flLography. The TPSSNPTII P-^^""^?^ 
amounts comparable to the authentic pSSU (P'8; if" 
Dort of TPNPTII, which lacks the 23 amino aads from 
L mature SSU. was detectable only after long exposure 
times (compare Fig. 3. lanes 9 and 13). Transport ot pSSU 
translated from SP6 RNA was identical to that translated 
from pea poly(A)* RNA. NPTII synthesized tn vitro was 
not in^rLl by chloroplasts (data not shown). Resistance 
TtLThbeled proteins to externally added protease con- 
firmed that these proteins were inside the chloroplast. 
^e transported proteins were smaller than he precur- 
sors The apparent molecular weights observed for the raa- 
ure forms of pSSU and tPNPTIl were as expected for 
erectly processed proteins As molecular weight 
markers NPTII made in bacteria, and the precursor and 
processed forms of SSU synthesized from pe^PolvW 
RNA were used (data not included). However, the product 
of processed TPSSNPTII migrated with an apparent molec- 
ular weight which was higher than would be expec ed if 
?3 Lmino acids were added to NPTII. Although a gel arti- 
fact cannot be excluded, this aberrant migration seems to 
reflect incorrect processing. The tnain argument for mc^ 
rect processing at present is fiM only the P'"*^^ 
TPSSNPTII behaves abnormaUy. Concerned that this ab- 
nonnaUty might indicate failure of this protein to reach 
its expected destination, the chloroplast stroma, we sepa- 
rated S^t-uptake Aloroplaits into membranes and strorna^ 
?he pVocess^ form of TPSSNPTII was found only m the 
strom'a fraction (Fig. 4). From this result c°ndtKle h^^^ 
the TPSSNPTII cleavage product teaches the dcsUnation 
expected of a protein with an SSU transit peptide. Occa- 
sionally, additional polypeptides which ^f^'^^^''^!^^^ 
the TPSSNPTII cleavage product were observed .n chloro- 
plasts incubated with TPSSNPTII (see for example F.g 7B 
lanes 6 and 9). Because the appearance of these proteins 
was independent of treatment with external protease, we 
conclude that these proteii)s are either unspecifK: dejp^a- 
tion products of the imported protcm or processing inter- 
mediates. , . rr . 

In order to exclude the possibility that the inefncient 
transport of TPNPTII was due to degradation of the pre- 
protdn in the uptake mixture, we examined »hc 'ncubation 
medium after removal of the chloroplasts. Whereas very 
Uttle pSSU or TPSSNPTII remained m the . medium, 
TPNPTII was present at nearly its initial concentration 
(data not shown). We found no evidence that degradation 



of the precursor occurred during the incubauon with the 

fiSS^Sn data 'obtained from several experiments we 
estimated the uptake emciendes of the various preprotems^ 
Aooroximatcly 50% of the offered pSSU and TPSSNPTII 
mE« were routinely recovered with the chloroplasts. 
Sowever based on the small amount of precursor rema.n- 
"gTn the S^oubation mixture after transport, the actual 
?a'n^Jort efficiencies may be higher. T?-d'ff«7"^„^„";«« 
the two estimates is probably due to the loss of chloroplasts 
during th Treatment after the uptake. In cont«« to l^^^ 
emci«it import of TPSSNPTII. the transport of TPNPTJI 
wWy in^fncietft. We estimate that the 'ransport eff. 
dincy of TPNPTII was 10%, or less, of that of pSSU or 
TPSSNPTII. 



Construction of mutants in the transit peptide of TPNPTII 

Mutants in the transit peptide ^''^t of t'^ 

striction'endonuclekse sites within the coding «gion of the 
m U p^tide of TPNPTII. Three deletion mutants awl 
one inse^on mutant were obtained by combining restnc, 
^on fraonents to create changes within the transit pephde. 
Z derS Ino acid sequences of these mutants together 
whh a Tp of the restriction endonuclease sites used in 
their construction are shown in Fig. 5. 

Analysis of transit peptide mutants using enzymatic activity 

?Nd26/3Tor pUc/PNi6/25. which have the mutant gen« 
uJder ontrol of an expression um^t cons.sung of he ^ 
broiriotet arid the tJligonucleotide abosohie binding site * 
LriSdearlier. Mutant precursor proteins were incubat«l 
Sh^t>lated intact chloroplasts and "^anspoM S 
tored by assaying NPTH activity (Fig. 6). The I acu« 
tv migrating at the position of the precursor protem ^ 
Se to ueatment with extemally added prot«ise and 
is probably precursor bound to the j."^"* of 
SjotopUsL The sicond activity migrated f^^. 
from authentic NPTII. the product expected for the mi 
parted L processed form of TPNPTII. This faster-m.^t^ 
£5 NFFU-Uke activity was resistant « P«;otea« and tt« 
re;resents protein residing within the chloroplast. Ta^W 
the NPTII-like activities as a measure of transport, up" 
of the insertion mutant PNi6i26 appears comparable: » 
°L of the wild-tyi^preprotein. TPNPTII. Howeve^^^^^^^ 
er exposures than those presented reveal that this m«rt^ 
actually improves transport. Compared to it^n 
(Fig..2), the transport of the deletion mutants PNd6/29 a 
PNd26/35 was reduced drastically. Uptake of muta"^ 
PNd6/25 was not detectable. 
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Rj. 7 A B. Transport of radioaciively labeled prccuTsois with m\l- 
um transit peptides. A Transport ofdcleUon mutants. P^ccurtors: 
TPNPTIl (lane 1). PNd6/2S (lane 2). PNd6/29 (lane 3) and PNd26 
J5 (lane 4). Chloroplasts before (lanes 5-8) and atier (lanes ^12) 
proieaK treauneni: TPNPTII (lanes 5. 9), PNd6/25 (tones 6, 10), 
PNd6/29 (lanes 7, 11) and PNd26/35 (lanes 8, 12). B Compan$on 
or the iranspon of the insertion mutants, TPNPTIl and 
TPSSNPTII. Precursors: TPNPTIl (lane 1), PNi26/35 (lane 2) and 
TPSSNPTIl (lane 3). Chloroplasts before (lanes 4-6) and aft* 
Oaae$7-9) protease treatment: TPNPTIl (lanes 4, 7), PNi6/25 
Oaocs 5, 8) and TPSSNPTII (lanes 6, 9) 



Analysis of transit peptide delerion mutants using labeled pre- 
Pfotein 

^ order to examine uptake of ihe mutants in a more quanli- 
•^tive manner, the mutants were recloned into SP6 vectors 
(Mellon eial- 1984) to yield plasmids pSP64/PNd6/25. 
PSP64/PNd6/29, pSP64/PNd26/35' and pSP64/PN»6/25. 
^ioactively la'oeled preproiein was synthesized in vitro 
^ incubated with isolated intact chloroplasts. In contrast 
^ the results obtained with the NPTII assay, transport 



Fit. trinstiDn of precursors with mutant transit 
ocpiidcs. Proteins present in extracts of 
ihloroplasis and cells of Escherichia coli were 
separated on non^cnattiriog Rolyax^Umidc gels 
arfd neomycin phosphotransferase 11 (NPT 
enzymatic activity was determined m situ The 
activities of the precursors arc shown in lanes 1 
(PNi6/25), 2 (PNd6/25), 3 (PNd6/29) And 4 
(PlsJd26/35)- Chloroplasts before Gancs 5, 6. 7, 8) 
and after (lanes 9. 10. 11. 12) protease treatment. 
PNi6/25 (lanes 5. 9), PNd6/25 (lanes 6 10) PNd6/ 
29 (lanes 7. lU and PNd26/35 (lanes 8, U). An 
NFTll siandatd derived from pKM2 is shown m 
lane 13 

of labcleii precursor prouiis with truncated transit peptides 
was not .detectable (Fig. 7A). However, ^^^^h;;;^^^^^ 
nort of the precursor protein contaimng the insertion (mu- 
Imill) was clirly. evident (Fig.^B). Transport o 
m6/25 ias considerably more efTia-^^^^ ^ 
TPNPTt! but less efficient than that of TPSSNPTII. in 
Sntrast to TPSSNPTII, the PN.6/25 R^P^oE 
to be processed correctly Jpon import into chloroplasts. 

Discussioo v 

Wc compared the transport by intact ^P^^P'^^J^^^^^^^^ 
transit peptide-NPTH fusion proteins 
amino ^^ds of mature SSU sequence. Two methods for 
Stini5 the proteins in chloroplast extracts we« u.ed to 

synthesized m E. 

TeS £d"b::rS"n pic'v iouIS^dt O/an den Brocck 
ri ms sSret al. 1985) and thus allowed a cornpar- 
Son of o» previously. In order 

o cbtrmore quantitative data on the unport of ^^^^ 

SiSMransport was strongly inl^^^^^ 
tional 23 amino acids present m the TPSSNPTjII protem. 
? otinT?SNp4n wfslported wi* a" effiaency com- 
parable to that of authentic pSSU while TPNPTIl poly 
ncntide was imported with a relatively low efTic ency. 
'^''Jf e«She transit ..epUde in more'deuU. -UUUon^^ 
were introduced into the transit peptide of TPNPTII. All 
of Th deletion mutations examined w"V°"'f J JJ. 
2rinoterminal half of the transit peptide Two pf he mu- 
tants (PNil6/25 La PNd6/29) have o^'^^ ^.''"r^. 
One of these. PNd6/29. and deleuon '"»';f»^PNd26/35 were 
imported into chloroplasts with drasucally reduced cfncen- 
Transport of mutant fiNd6/25 was nbl detectable^ An 
insertion mutation. conUining a partial duplication ol the 

transit peptide, increased the transport of the TPNPTIl 

^"*'The%u5on'arise5 as to whether specific sequences in 
the mature part of the SSU precursor are n«*ssan^ to ob- 
tain optimal transport or if other f^"'"^ "'^^'^'^^.^efe 
sidcring thai the majority of the proteins found mside the 
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chloropUst are imported from the. cytoplasm, the presence 
of a common specific sequence, required for iraosport into 
the stroma appears unlikely. The amino acid sequences of 
the precursors of two stromal proteins, ferredoxin (Smeek- 
eas clal. 1985) and SSU (Cashmore 1983), are available. 
Surprisingly, the ferredoxin transit peptide shares homology 
with a portion of the first 23 amino acids of mature SSU. 
The homologous residues in ferredoxin arc the three charged 
residues K-Q-Q and the sequence S-S-L-P- These amino 
adds correspond to the sequence K-K-K and S-Y-L-P in 
the mature SSU. Whether this homology is fortuitous or 
whether it influences the urgeting of a protein towards 
difTcrcnt chloroplast compartmdttts rtmains to be sUilditd. 
In view of this homology, the requirement of a specific 
sequence within the 23 amino acids cannot be excluded. 
However, it appears more probable that othex information 
contained in the 23 amino acids, e.g,, charge distribution, 
is necessary for transport. Alternatively, the three-dimen- 
sional structures of the precursors may be important. It 
IS conceivable that the precursor molecule ntust assiifne a 
particular conformation in order to be recognized by the 
putative receptor complex in the chloroplast envelope. Two 
different conformations for the transit peptide-NPTlI fu- 
sion protein can be envisioned. Either the transit peptide 
and parts of NPTII form a single domain or the transit 
peptide and the NPTII portions form separate domains. 
In a single domain model the correct folding of the NPTII 
portion might impose an abcnant conformation on the 
transit peptide. This could inicrfcrc with its recognition by 
the receptor complex. In a two ^domain model, the transit 
p^tide part might be concealed by the NPTII'domain lead- 
ing to inefficient interaction between the precursor and the 
receptor. In contrast to the TPNPTH protein, the transit 
peptide of TPSSNPTII is separated from NPTH by an iddi- 
lional 23 amino acids. Possibly, this separation of the transit 
peptide from the NPTII moiety allows the transit peptide 
to assume its native conformation or renders it more acces- 
sible to the receptor. The increase in transport observed 
wiih the insertion mutant is consistent with the hypothesis 
that a conformational distortion leads to inefficient re- 
cognition by the receptor. The* effect of thcj insertion in 
the transit peptide may be similar to the effect of the 23 
amino acids of mature SSU. That is, the insertion results 
in an altered conformation which improves recognition by 
the receptor. 

The imported form of the TPSSNPTII polypeptide had 
an apparent molecular weight that appears larger than ex- 
pected. It is possible that in this protein some part of the 
transit peptide which influences maturation is folded incor- 
rectly and cannot be recognized by the processing enzyme. 
Robinson and Eihs (1984) have shown that processirig of 
pSSU proceeds via an intermediate in vitro. The cleavage 
that yields the mature SSU is not required for transport 
into the stroma (Robinson and Ellis 1984). Thus, incorrect 
processing at this point would aot be expected to interfere 
with traaspon. We assume that the maturation cleavage 
of the TPSSNPTII polypeptide is inhibited. Therefore, the 
imported protein could be the product of the f^rst process- 
ing step. The incorrect processing of the TPSSNPTII pro- 
tein appears to be inconsistent with the hypothesis that 
a confonnational distonion interferes with iransp>ort. How- 
ever, as transport and maturation arc independent pro- 
cesses (Robinson and Ellis 1984), they may be affected dif* 
ferenlly by a particular conformation. 



Our deletion mutations are in the region of the transit 
peptide coatftiniEig 'thei putative first processing site and. 
therefore, at least one of these mutants lacks this site. Two 
of these mutants, PNd6/29 and PNd26/3$, are transported 
into the chloroplast, although with gfcatly reduced efficicn- 
dcs/Pcrhaps, the sequlAice surrouiwiing the first processing 
site is. not essential for the first cleavage or, alternatively, 
the first cleavage is not a required step in transport. The 
processing enzyme m^y^ recognize sequences outside of the 
deleted region. Alternatively, the processing enzyme may 
measure from the aminoterminus of the transit peptide. Ro- 
binson and Ellis (1984) invoked a similar hypothesis to ex- 
plain the maturation of a modified precursor 

Protein transport into mitochondria has been studied 
in detail (Hurt ct al. 1984, 1985, SchaU and Butow 1983; 
Horwich etai. 1985). TJic transit peptide of.subunit IV of 
yeast cytochrome oxidase fused to the aminoterminus of 
mouse dihydrofolate reductase directs the enzyme into the 
matrix of isolated mitochondria (Hurt et al. 1984). Further 
anMysis of deletions ot the preseqUience showed that the 
12 aminoterminal residues of the transit peptide are suffi- 
cient for transport. In this paper we show that precursors 
which; lack, portions o( the aminotertnioal ^region of the 
transit peptide from the SSU are transported with drasii- 
caily reduced efficiency. Although transport is not aboli- 
shed by all of the muUlions, the aminoterminal region of 
the transit peptide apjfcars to be importaint f6r function. 
From, our results we conclude that with respect to the re- 
quirement of the aminotermini of the transit peptides the 
mitochondria and chloroplast transport sy^cips are simi- 
lar. 

Transport of only two, PNd6/29 and PNd26/35, of the 
three truncated polypeptides could be detected. Interest- 
ingly, the sequcttce" thit is deleted" in the nhh-d mutani, 
PNd6/25, is completely overlapped by the other two mu- 
tants. It cannot be determined from our results whether 
iht. deletion in, PNd6/2^ removed nttjessary spqucncc infor- 
mation which was restored in mutant PNd6/29 by upstream 
sequences or if these effects result from different conforma- 
tions of the transit peptide. The insertion mutant PNi6/25 
has art exact duplication of the region of the transit peptide 
that was deleted in mutant PNd6/25. Transport of ihc 
PNi6/25 polypeptide was neariy as efticieni as transpori 
of the TPSSNPTII polypeptide. Therefore we cpncludc ihji 
the information encoded in the transit pepti<<e can be scp:<' 
rated without interfering with its function. Insertion mu- 
tants of this type might be useful for improving iranspon 
of foreign proteins into*the chloroplast. 

In. summary, our results show that the pSSU transit 
peptide can direct transport of a foreign protein, NPTII- 
into tije chlorpplast stroma, However, we als9 suggest froin 
our results that the mature SSU may play an important 
role in transport. Based on the results obtained with inula' 
lions in the transit peptide, we suggest that the aminoter- 
minal region of the traniii peptide is important for function. 
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